Introduction
Humans obtain a great deal of information through a combination of various sensory inputs. The temporal order judgment (TOJ) of these sensory inputs plays an essential role in comprehending the information. The TOJ of auditory and visual stimuli has been investigated in a number of previous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . In a previous auditory-visual TOJ study, the point of subjective simultaneity (PSS) changed according to the subject's attention to the stimuli (visual or auditory) [10, 11] . Zampini et al. conducted an auditory-visual TOJ experiment considering attention [11] and found that the PSS in a visual attention test changed to the auditory advance presentation in comparison with the PSS in a divided attention test in which the subject paid attention to both (auditory and visual) stimuli.
In general, attention is given to various targets depending on the situation. In a listening situation, attention is given to an auditory stimulus at the left or right ear. In this case, it is possible that the TOJ characteristics between an auditory stimulus at the left ear and that at the right ear change depending on the attention. Kanai et al. investigated the TOJ characteristics between the left and right ears when taking attention into account [12] . They presented a tone pip to the left or right ear to direct their subject's attention to one ear before presenting a pair of test sounds for evaluation of the presentation order. As a result, they found the PSS shifted toward the advanced presentation at the unattended ear by presenting the cue tone (tone pip) and the PSS varied depending on the length of the cue leading time (CLT). In Kanai et al.'s study, an instantaneous cue tone having the same characteristics was presented one time before the test sound. By presenting the cue tone to one ear, the subject was presumed to pay attention to that ear, but the cue tone could be nominal because the instantaneous cue tone was very short and was presented only one time.
We investigated the PSS change by presenting many instantaneous cue tones to direct the subject's attention more effectively.
Experiment

Stimulus, apparatus, and participants
In the experiment, two instantaneous auditory stimuli were presented as test sounds, the presentation order of which was evaluated. One of the test sounds was presented to one ear, and another sound was presented to the other ear. The test sounds were two pure tones having an SPL of 80 dB at a frequency of 1 kHz and a duration of 10 ms. To eliminate the clicking sound that occurred at the onset and offset of the test sounds, 2.5 ms linear fade-ins and fade-outs were applied. Preceding the test sounds, a sequence of 20 cue tones was presented for the purpose of controlling the listener's attention (described later in detail). The 20 cue tones were the same as the test sounds in terms of frequency, SPL, and duration. The cue tones and the test sounds were recorded on two channels at a sampling frequency of 44.1 kHz. The sounds presented to the left ear were recorded on the first channel, and the sounds presented to the right ear were recorded on the second channel. The experimental sounds were presented via headphones (SONY MDR-Z600) and a personal computer. Seven male subjects, 20 to 22 years old and having normal hearing acuity, participated in this experiment.
Procedure
The experiment subjects judged the presentation order of two test sounds by the two-alternative forced choice (2-AFC) method using original software that we developed. Eight interstimulus intervals (À80, À40, À20, À10, +10, +20, +40, and +80 ms) between two test sounds were used. The negative values indicate that the sound presented to the right ear preceded the sound presented to the left ear, and the positive values indicate the opposite order. To evaluate the TOJ considering attention, three conditions, namely, a left-ear attention condition, a right-ear attention condition, and a divided attention condition, were prepared. Under the leftand right-ear attention conditions, to have the subject give attention to one ear (left or right), the cue tone was presented 20 times at 50 ms intervals to that ear, as shown in Figs. 1(a) and (b). The interval between the last cue tone and the first test sound was 200 ms. This interstimulus interval (CLT) was employed in previous studies in which the PSS was observed to change [12, 13] . Under the divided attention condition, the cue tone was presented randomly to the left or right ear 20 times, as shown in Fig. 1(c) . The number of presentations to the left ear was the same as that to the right ear. The presentation order to the left or to the right ear was randomized in each trial.
After presenting the cue tones and test sounds under each condition, the subjects were asked to answer the following question: ''In which ear did you hear the first test sound?'' The subjects were informed that cue tones would be presented before the test tones, but no instruction was given as to their attention to the cue tones. The subjects answered the question by selecting one of the buttons corresponding to the left or the right ear on the computer screen.
Only one of the three conditions was presented in each session. In one session, eight interstimulus intervals (À80, À40, À20, À10, +10, +20, +40, and +80 ms) were tested, each of which was repeated 10 times. Consequently, a total of 80 trials were performed in one session. The presentation order of 80 trials was randomized in each session and for each subject. To avoid the influence of the one-ear attention condition session on the next session, a divided attention condition session was inserted between the one-ear attention conditions. The following four sessions were performed continuously as a test set: (1) left-ear attention condition, (2) divided attention condition, (3) right-ear attention condition, (4) divided attention condition. A single test set of four sessions required approximately 20 minutes, and each subject performed one test set per day. Each subject participated in eight test sets. Thus, each subject performed 2,560 trials (eight test sets Â four sessions Â 80 trials). Note that the number of trials under the divided attention condition was twice the number of trials under each ear attention condition in one test set. In total, 17,920 trials were preformed (2,560 trials Â seven subjects). To minimize the effect of the experimental session order, four session orders were prepared: starting the experiment, all subjects performed some trials selected randomly from among all trials until they appeared to understand the experimental procedure.
Result
Selection of subjects
To evaluate the general TOJ ability of each subject, the probability of a correct answer at AE80 ms under all conditions was calculated. The probabilities are shown in Fig. 2 . The result shows that the probability for Subject G was much lower ( 65%) than that of the other subjects. Since experimental Subject G could not judge the presentation order correctly with high probability when the interstimulus interval was the longest (AE80 ms), the PSS was assumed to be inaccurate, and so the evaluation results of Subject G were excluded from the following analysis. 3.2. Response probability Figure 3 shows the response probabilities for subjects who perceived the presented sound in the left-ear first, as obtained from the evaluation results of the selected six subjects. The solid, dotted, and dashed lines indicate the probabilities of the left-ear, divided, and right-ear attention tests, respectively. The horizontal axis in the graph shows the interstimulus interval between the sound presented to the left ear and that presented to the right ear. A negative value indicates that the test sound to the right ear preceded that to the left ear, and a positive value indicates the left ear was first. The vertical axis shows the response probability for the leftear first. Under the divided attention condition (dotted line in Fig. 3) , the subjects were able to respond to the first presented sound correctly with a high probability at the interval of AE80 ms. The response probability became approximately 50% (chance level) when the interval was AE10 ms, and the probability difference between the left-ear first and the chance level (50%) at that interval was not significant (chi-square test, p ! 0:1). These results indicate that the experiment subjects had difficulty determining the presentation order correctly at the interval AE10 ms. Under the left-ear attention condition (solid line in Fig. 3) , the response probability of the left-ear first was significantly higher than the chance level (chi-square test, p 0:01) when the interval was À10 and À20 ms (i.e., the test sound to the right ear preceded that to the left ear). These results indicate the subjects had a tendency to perceive the sound as arriving at the left-ear first when the cue tones were presented to the left ear, even if the test sound presented to the right ear preceded the sound to the left ear by 10 or 20 ms. The tendency observed under the right-ear attention condition (dashed line in Fig. 3 ) was opposite to that observed under the left-ear attention condition. The response probability of the left-ear first was significantly lower than the chance level (chi-square test, p 0:01) when the interval was +10 and +20 ms (i.e., the test sound at the left ear preceded that at the right ear).
Overall, the subjects tended to perceive the test sound earlier at the ear to which the cue tones were presented. 3.3. Calculating the PSS Subsequently, the PSS between the left and the right ears was calculated under each condition (left-ear attention condition, divided attention condition, and right-ear attention condition). To obtain the PSS, a cumulative Gaussian distribution curve having the smallest Kolmogorov-Smirnov test statistic, which is the maximum difference between the measured response probability and the probability of the cumulative Gaussian curve, was fitted under each condition. No significant difference between the response probability and the fitted cumulative Gaussian distribution was observed under the left-ear and right-ear attention conditions (p ! 0:05) according to the Kolmogorov-Smirnov test, although the difference under the divided attention condition was statistically significant (p 0:05). The 50% point of the fitted curve was defined as the PSS. The calculated PSS under each condition is shown in Fig. 4 . The positive values indicate that the PSS shifted to the left-ear first, and the negative values indicate a shift to the right-ear first.
The PSS under the left-ear attention condition was À25 ms, and that under the right-ear attention condition was +27 ms. That is, the PSS tended to shift towards the opposite side to the ear to which the cue tones were presented. The PSS under the divided attention condition (À4 ms) was much smaller than that under the one-ear attention condition.
The CLT of the last cue tone was 200 ms in this study, and the PSS was obtained at about 25 ms by presenting 20 cue tones to one ear. In contrast, Kanai et al. reported that the PSS was much longer and about 50 ms when the CLT was 200 ms [12] . To evaluate the statistical significance of the difference, a chi-square test was performed. To perform the test, a cumulative Gaussian distribution curve with a PSS of 50 ms (i.e., the curve was shifted by 50 ms toward the advanced presentation at the unattended ear) was created, and the variance was assumed to be the same as that obtained in our experiment. The difference between the probability of the distribution and the measured response probability in our experiment was tested in each interstimulus interval and in the attention test for each ear. The difference at +80 ms was marginally significant (p 0:1) and the differences at the other intervals were significant (p 0:05) in the left-ear attention test. In the right-ear attention test, the differences at all intervals were significant (p 0:05). This means the PSS calculated using the measured response probabilities was significantly different and smaller than that in Kanai et al.'s study. This tendency was opposite to our expectation that the PSS would increase upon presenting many cue tones for directing the attention more effectively. The difference between the studies may be due to differences in procedural details and/or in the subjects. Another explanation is that multiplying the number of cue tones did not enhance the cue tone effect and that the effective CLT is determined not solely by the last cue tone, but by some kind of an averaging process across multiple cue tones. In our study, the CLTs with respect to individual cue tones ranged between 1,150 ms (corresponding to the first tone) to 200 ms (the last tone), and the average was 675 ms. It is possible that the effective CLT in our study was longer than 200 ms, which would result in a weaker effect than when a single cue tone is presented with a CLT of 200 ms. Kanai et al. [12] have shown that the cue tone effect tended to decrease with increasing CLT when a single cue tone was presented.
Summary
The present study was intended to examine the effect of attention to a particular ear on the TOJ of stimuli presented to the two ears. To direct the subject's attention to one ear, 20 cue tones were presented to the left or the right ear. As a result, the PSS shifted toward the advanced presentation at the unattended ear, where the cue tones were not presented, and the PSS was about 25 ms. This tendency was similar to that in Kanai et al.'s study, in which only one instantaneous cue tone was employed. However, the value of the PSS change was not larger, but smaller than that in Kanai et al.'s study, contrary to our expectation that multiplying the number of cue tones would increase the magnitude of the effect of the presentation side.
